Laboratory strains of enteroviruses, as well as viruses isolated from raw wastewater, were found to exhibit enhanced infectivity in vitro when BGM cell monolayers were pretreated with the cationic polymer polyethyleneimine (PEI). Viruses were assayed by the cytopathic effect technique and as PFU under methylcellulose and agar overlays with monolayers treated with 0 to 5.0 x 10-3% (wt/vol) PEI in phosphate-buffered saline supplemented with 2% fetal bovine serum. Poliovirus type 1 cytopathic effect occurred at an enhanced rate in cells treated with 5.0 x 10-3% PEI compared with untreated cells. PEI-treated cells were found to adsorb viruses much more effectively than untreated cells did. When the methylcellulose overlay procedure was used, rates of infectivity were enhanced as follows: poliovirus type 1, 5.5-fold; echovirus type 1, 1.2-fold; echovirus type 5, 5.2-fold; and coxsackievirus type B5, 4.9-fold. Viruses concentrated from raw wastewater showed a 3.8-fold increase in titer when quantitated by the most-probable-number method and a 3.3-fold increase when quantitated as PFU under an agar overlay.
Cationic polymers such as DEAE-dextran (7, (15) (16) (17) (18) , protamine (15, 18) , and platinum polyamines (6) have been used to enhance picornavirus (6, 15, 16) , herpesvirus (15) , adenovirus (15) , and rabies virus (10, 17, 18) infectivities in vitro with mammalian cell cultures. Conversely, anionic polymers such as carrageenan (9) , protamine sulfate (15, 16) , and dextran sulfate (9, 11, 12, 17) have been shown to reduce virus infectivity in vitro. Dextran sulfate has also been shown to prolong the incubation period of scrapie in vivo (7) . The phenomenon of cationic polymer-enhanced infectivity of enteroviruses has been applied to the study of environmental virology to enhance the probability of detecting the very low numbers of viable viruses found in environmental concentrates (10) . Enteroviral infectivity has also been enhanced in vitro by adding 5-iodo-2'-deoxyuridine to the culture medium (3) . Cationic polymers have also been used to modify electronegative microporous filters to enhance their virus-adsorbing properties (13) . This paper reports the enhancement of virus infectivity of laboratory strains of picornavirus and of viruses concentrated from raw wastewater by increasing the number of viruses detected and the rate at which they are detected by pretreating cell monolayers with the cationic polymer polyethyleneimine (PEI). PEI was found to be a more effective enhancer of virus infectivity than DEAE-dextran was.
The general procedures used for these studies were as follows. After the spent medium from Buffalo green monkey kidney (BGM) cell monolayers was poured off, 9.6-cm2 cell monolayers were pretreated with 0.1 ml of either phosphatebuffered saline (PBS)-2% fetal bovine serum (FBS) or 5.0 x 10-'% (wt/vol) PEI in PBS-2% FBS. Within 2 min, an equal volume of virus in PBS-2% FBS was added to the monolayers and incubated at room temperature for 30 min. After incubation, cell monolayers were overlaid with minimal essential medium supplemented with 2% FBS for the determination of the cytopathic effect or with methylcellulose supplemented with 2% FBS for the determination of PFU as previously described (4, 10, 14) . Cell monolayers were observed for the cytopathic effect every 24 h; a sample was considered positive when 50% of the monolayer under observation showed the cytopathic effect. Microdilution plates were incubated at 37°C for 2 to 3 days before being stained with a crystal violet solution to visualize PFU.
The low numbers of enteroviruses found in environmental samples have led to the development of several procedures for the concentration of viruses from the environment (5). The concentrates are normally assayed for viable viruses by using monkey kidney cells in vitro and observing viral cytopathology, plaques, or in situ staining of viral antigens with fluorescent antibodies for relatively noncytopathic viruses such as human rotaviruses (10) . The cationic polymer DEAE-dextran has been used in tissue culture medium to enhance viral infectivity in vitro (10, 15) . Our results indicate that DEAE-dextran led to a 2.0-fold increase in poliovirus infectivity (assayed as PFU) under a methylcellulose overlay, which is consistent with previous reports (15, 16) . When several synthetic cationic polymers were tested for their abilities to enhance enteroviral infectivity in vitro, it was discovered that cell monolayers pretreated with a small volume of a relatively low concentration of PEI showed a 5.5-fold increase in poliovirus infectivity in terms of PFU (Table 1) . It was also noted that the viral cytopathic effect was noted earlier when cell monolayers were pretreated with PEI (Fig. 1) .
In an effort to determine the point in the virus replicating cycle at which PEI exerted its effect, cell monolayers were washed three times with 1 ml of PBS 2 or 30 min after infection ( Table 2 ). The results of these studies indicate that PEI exerts its effect within the first 2 min of the infection cycle, probably during viral attachment to or penetration into the host cell. A similar phenomenon was noted by Wunner et al. (18) ity via an electrostatically mediated nonspecific attachment of virus to cell. Kaplan et al. (11) proposed that cationic polymers exert their effect early in the rabies virus replication cycle.
Regardless of the mechanism of PEI-mediated enhanced infectivity of enteroviruses, PEI could be important to the study of environmental virology by reducing the problems associated with the toxicity of samples to cell monolayers and by allowing toxic elements to be washed away from cell monolayers. It is likely that shorter incubation periods can be used with environmental samples without decreasing the number of viruses detected but with a reduction of toxicity to cells. This enhanced infectivity is shown for the mostprobable-number assay (1) ( Table 3) for viruses concentrated from raw wastewater by the method of Farrah and Bitton (8) . When viruses concentrated from raw wastewater were quantitated as PFU under an agar overlay, PEI enhanced virus titers 2.3-to 4.0-fold over a 2-week period (data not shown).
